Visual features that are associated with a task and those that predict noxious events both prompt 17 selectively heightened visuocortical responses. Conflicting views exist regarding how the 18 competition between a task-related and a threat-related feature is resolved when they co-occur in 19 time and space. Utilizing aversive differential Pavlovian conditioning, we investigated the 20 visuocortical representation of two simultaneously presented, fully overlapping visual stimuli. 21 Stimuli were isoluminant red and green random dot kinematograms (RDKs) which flickered at 22 two tagging frequencies (8.57 Hz, 12 Hz) to elicit distinguishable steady-state visual evoked 23 potentials (ssVEPs). Occasional coherent motion events prompted a motor response or predicted 24 a noxious noise. These events occurred either in the green (task cue), the red (threat cue), or in 25 both RDKs simultaneously. In an initial habituation phase, participants responded to coherent 26 motion of the green RDK with a key press, but no loud noise was presented at any time. Here, 27 selective amplification was seen for the task-relevant (green) RDK, but interference was 28 observed when both RDKs simultaneously showed coherent motion. Upon pairing the threat cue 29 with the noxious noise in the subsequent acquisition phase, the threat cue-evoked ssVEP (red 30 RDK) was also amplified, but this amplification did not interact with amplification of the task 31 cue, and did not alter the behavioral or visuocortical interference effect seen during simultaneous 32 coherent motion. Results demonstrate that although competing feature conjunctions result in 33 interference in visual cortex, the acquisition of a bias towards an individual threat-related feature 34 does not result in additional cost effects. 35 36 37 Cortical competition between task and threat cues 3 Significance statement 38 Selectively perceiving and adaptively responding to cues associated with danger are fundamental 39 functions of the vertebrate brain. In humans, their disruption or dysregulation is at the core of 40 many psychiatric diagnoses, including fear, anxiety, post-traumatic syndromes, and mood 41 disorders. The present study examined the competitive interactions between the prioritization of 42 threat cues and a concurrent cognitive task, to characterize how the human attention system 43 manages limited resources in the presence of threat. Results showed that the selection of an 44 individual feature signaling imminent threat is not at the cost of concurrent attention 45 performance, even when threat and task stimuli overlapped in space. Findings support recent 46 models of emotion/attention interactions that emphasize flexible, feature-based allocation of 47 resources to biologically relevant stimuli. 48 49 Cortical competition between task and threat cues 4 Introduction 50 The visual system receives dense sensory information, continually exceeding the limited 51 capacity of visual cognition. In response to this challenge, the human brain has evolved 52 mechanisms for selecting and prioritizing behaviorally relevant stimuli over other stimuli in the 53 surrounding environment. Prioritization of task-relevant stimulus representations in the visual 54 cortex has been documented extensively in research on selective attention (Hillyard et al., 1973; 55 Reynolds and Heeger, 2009). A growing body of research has also demonstrated that stimuli 56 associated with threat or danger prompt selective visuocortical amplification. For example, in 57 aversive conditioning, visual cues paired with noxious outcomes elicit heightened visuocortical 58 responses (Miskovic and Keil, 2012). Outside the laboratory however, observers confront visual 59 environments in which task-relevant and threatening stimuli compete for limited capacity, 60
8 concurrent conditions, and to respond as quickly and accurately as possible by button press 141 while ignoring coherent motion in the red RDK. 142 During the acquisition phase, coherent motion of the red RDK served as the conditioned 143 stimulus (CS) and predicted the occurrence of the unconditioned stimulus (US), which was 500 144 ms of a 92 dB (SPL) white noise burst, generated in Matlab, played over speakers placed directly 145 behind the participant. Specifically, coherent motion events in the red RDK, which occurred in 146 the threat and concurrent conditions, were paired with the US for the final 500 ms of coherent 147 motion, upon which the coherent motion event and the loud noise co-terminated. Conditions 148 were randomized and fully balanced throughout all trials. Intertrial intervals randomly varied 149 between 2.5 and 3.5 seconds (drawn from a rectangular distribution). 150 In addition to continuous motion, each dot of the RDKs flickered throughout the trial to 151 evoke ssVEPs. For the first half of participants, the task-relevant green RDK flickered at 8.57 Hz 152 while the red RDK flickered at 12 Hz. The tagging condition was counterbalanced for the second 153 half of participants in order to control for confounds of flicker frequency (i.e. green flickered at 154 12 Hz and red flickered at 8.57 Hz). This resulted in two distinguishable ssVEP responses, one 155 for the target stimulus and one for the threat stimulus. 9 157 Figure 1. Trial sequence. For any given trial, during the first 1749 ms all dots presented on the screen 158 moved in a random motion. Here, the only relevant feature was color, as participants were told to attend 159 the task-relevant green dots. Following this guaranteed segment of random motion, all of the dots in one 160 or both RDKs could move coherently in one direction. The onset of coherent motion could occur between 161 1750 ms and 6413 ms post-stimuli onset. Similar to the random motion segment, the coherent motion 162 segment had a duration of 1749 ms. Regardless of experimental phase, when the task-relevant green dots 163 exhibited coherent motion (target and concurrent conditions), participants responded via button press. 164 During acquisition, the coherent motion of the red dots (threat and concurrent conditions) was paired 165 with an aversive loud noise (the unconditioned stimulus). In total, the visual stimuli were presented for 166 8170 ms. The intertrial interval was 2.5-3.5 seconds, during which the participants viewed a black screen 167 and a centrally located, white fixation point.
169
Procedure 170 After providing written consent, the isoluminance level of the red dots relative to the 171 green dots was determined using flicker photometry. Using monochromatic circles (1° of visual 172 angle) embedded in a gray (first step) or monochromatic (second step) field, each observer first 173 adjusted the intensity of the red channel of the LED until no flicker was perceived between 174 alternating red and gray backgrounds, and then adjusted the red against a monochromatic green 175 background. Each observer's final red value was used for the remainder of the experiment. Participants were given instructions to focus on the green dots, while ignoring the red 177 dots, and to click the mouse when the green dots moved together in a coherent motion.
178
Participants were made aware that occasionally loud noises would occur in the experiment, but 179 no additional information was given regarding contingencies. Participants were then fitted with 180 the appropriate EEG sensor net and seated in a dimly lit and sound attenuated Faraday chamber.
181
A chin rest was used to ensure the participant remained 150 cm away from the monitor for the 182 duration of the study. In addition to oral instructions, participants viewed on-screen instructions 183 before each experimental phase. Prior to and following the acquisition phase, each participant 184 gave affective ratings on a scale of 1-9, of the red and green dots using the Self-Assessment Artifact-free epochs were averaged for each of the three conditions in the three phases.
208
For each trial, two segments were analyzed: (1) random motion and (2) coherent motion. During 209 each trial, following stimuli onset, there were 1750 ms of random dot motion prior to any 210 possible onset of coherent motion. These data segments were averaged to result in the "random 211 motion" ssVEP, which is sensitive to attentive bias towards one of the RDKs that does not 212 depend on the occurrence of target events. In a subsequent step, the coherent motion segments 213 (also of 1750 ms length) occurring at different latencies in each trial were aligned relative to the 214 beginning of the coherent motion and averaged, yielding the "coherent motion" ssVEP. Using in-215 house Matlab code, these ssVEP signals were subjected to a Fourier transform to quantify the 216 power at the driving frequencies (8.57 Hz and 12 Hz) of each of the two RDKs. This analytic 217 step involved tapering the data with a 40-ms cosine-square window, followed by discrete Fourier 218 transform across all 1750 ms, and normalizing the resulting complex spectrum by the number of 219 points. The resulting power spectrum had a resolution of 0.57 Hz. To enable comparison 220 between tagging frequencies and to eliminate the effect of nonspecific level differences between 221 participants and conditions, we computed the signal-to-noise ratio (SNR) for each tagging 12 frequency: We divided the power at each tagging frequency by the mean of the spectral power at 223 6 adjacent frequency bins in each spectrum, leaving out the two immediate neighbors. The false alarm rate was the percentage of incorrect button presses when the task RDK did not 231 exhibit coherent motion, and responses outside the "correct" window, defined above. Response 232 time was the amount of time that elapsed between the onset of the coherent motion of the task 233 RDK in the target and concurrent conditions and the button press for a correct response. The
234
Self-Assessment Manikin (SAM) was used to collect affective ratings (hedonic valence) for the 235 red and green dots, before and after the acquisition phase for each participant.
236
A repeated-measures ANOVA was conducted for the hit rate with phase (habituation, 237 acquisition, extinction) and condition (target, concurrent) as factors. Likewise, a repeated-238 measures ANOVA was conducted for the response time with phase (habituation, acquisition, 239 extinction) and condition (target, concurrent) as factors. Significant main effects or interactions 240 were followed by post-hoc ANOVA and paired t-tests, as appropriate.
241
A repeated-measures ANOVA was conducted for the SAM ratings with conditioning 242 (pre, post) and color (red, green) as factors. Significant main effects or interactions were 243 followed by post-hoc ANOVA and paired t-tests, as appropriate.
13
Throughout this report, frequentist statistics were supplemented by Bayesian repeated-245 measures ANOVAs, where appropriate, to quantify the evidence for the different hypotheses as 246 well as for null-findings. In each Bayesian analysis, the prior model probabilities were uniformly 247 distributed such that each model was given equal weight (i.e. in a Bayesian repeated-measures 248 ANOVA with five candidate models, each held a prior probability of 0.2). Bayesian repeated-249 measures ANOVAs were conducted by utilizing JASP software (v 0.8.6; JASP Team, 2018) .
250
Interpretation of Bayes Factors follows language guidelines developed by Jeffreys (1961) . (288) 1851 (463) 1567 (279) 1600 (254) 1624 (312) 1665 (355) 335
The hit rate was not sensitive to any experimental manipulations, resulting in no 336 significant main effects nor a significant interaction between phase and condition. By contrast, a The SAM hedonic valence ratings were sensitive to experimental manipulation, resulting 351 in a significant interaction which was driven by the red dots' affective rating significantly 352 increasing from pre-conditioning to post-conditioning (t15 = -6.603, p < .001) and a significantly 353 higher SAM rating for the red dots than the green dots after conditioning (t15 = -5.883, p < .001).
354
The average SAM rating before conditioning was 4.4 (SD = .66). Following conditioning the 355 SAM ratings for the green dots did not significantly change (M = 4.3, SD = .54), while the SAM 356 rating for the fear-conditioned red dots significantly increased (M = 6.0, SD = .78). The Bayesian
357
ANOVA model which received the most support was the interaction model with main effects 358 (conditioning + color + conditioning*color) with a BF10 > 1,000,000. for the hypothesis that target events increase the ssVEP amplitude evoked by the task stimulus.
367
The visuocortical response to the threat stimulus during the same coherent motion was not 368 affected by the target event, i.e., it did not show an increase between segments or across phases.
369
Thus, the target event prompted a selective increase in ssVEP amplitude that was specific to the 370 time period of the target event, and to the task stimulus.
371
The visuocortical response to the threat stimulus during the coherent motion of the threat 372 cue ( Figure 4B ) demonstrated a main effect of phase (F(2,30) = 4.955, p = .032; h 2 = .248) which 373 was driven by the significant increase in ssVEP amplitude from the habituation phase to the 374 acquisition phase (t15 = -2.692, p = .017) whereas the increase from habituation to extinction was 375 not significant (t15 = -1.943, p = .071). The Bayesian repeated-measures ANOVA resulted in a 376 BF10 = 2.8 for the phase main effect model as well as a BF10 = 4.0 for the two main effects 377 (segment + phase) model, providing substantial evidence for the hypothesis that conditioned 378 threat cues result in selective visuocortical amplification. In a control analysis, the visuocortical 379 response to the task stimulus during the coherent motion of the threat RDK did not show an 380 increase either between segments or across phases. The visuocortical response to the target stimulus was sensitive to the experimental 407 conditions, (F(2,30) = 6.290, p = .008; h 2 = .295, see Figure 6 ). Throughout the experiment, 408 ssVEP amplitude was heightened during the coherent motion event during the target condition, 409 compared to both the threat condition (t15 = -4.463, p = .000) and the concurrent coherent 410 motion condition (t15 = 2.616, p = .019 respectively, for all models, providing substantial to very strong evidence for the null hypothesis.
430
The two main effects with the interaction (phase + condition + phase*condition) models for both 431 the coherent motion and random motion received the most support for the null hypothesis with 432 BF01 of 31.8 and 77.2, respectively.
433

Discussion
435
The present study asked if acquired biases towards a threat-related feature are at the cost 436 of concurrent task-based feature selection at the same location in the visual field. We tested the 437 alternative hypotheses that (1) threat cues interfere with concurrent stimuli at the same location 438 irrespective of their feature composition and (2) that individual threat features are amplified 439 without imparting cost effects on concurrent task-based feature selection, even when competing 440 for representation at the same spatial locations. We addressed these hypotheses using the unique 441 capability of ssVEP frequency tagging to quantify distinct neural signals from fully overlapping 442 stimuli.
443
Combining a feature-based attention task with an aversive conditioning protocol, we 444 replicated previous findings that a task-relevant feature prompts selectively heightened 445 visuocortical responses (Muller et al., 2006) . We also replicated previous work showing 
